Frequency of occurrence and intensity of the raised water stage determine the structure of invertebrates in the wetland ecosystems of wetland river floodplains. In order to assess the relationships in a regulated, lowland river of moderate climate, samples of water and invertebrates inhabiting submerged shoots of reed Phragmites australis Trin Ex. Stued. were taken from the middle section of the Słupia River and five of its oxbow lakes.
INTRODUCTION
The structure and functioning of riverine wetland ecosystems, including oxbow lakes, are directly and indirectly connected with the fluctuations of the river water stage during floods and flow pulsation (Tockner et al. 2000) . According to Amoros and Roux (1988) , hydrological connectivity joins complex processes taking place in a river and surrounding wetlands. Those processes include the transportation of dissolved and suspended elements and organisms, reorganization of the environment, productivity and diversity of aquatic and terrestrial hydrobionts, as well as interactions between them (Amoros, Roux 1988; Poff, Ward 1989; Hann 1991; Poff et al. 1997; McCollum et al. 1998; Tockner et al. 1999a,b; Tockner et al. 2000; Ward et al. 2002; Obolewski 2011) .
There are several factors connected with fluctuations of the water stage that influence the hydrological connectivity of wetlands. They are as follows: the distance between a river and wetlands, hydrological relations, the lack of natural or artificial barriers to the water flow, and the topography of the river basin that determines the boundaries of wetlands, their size and the connection of flood areas with the main riverbed (Amoros, Bornette 2002; Dynesius, Nilsson 1994) . Fluctuations of the ground water table are also important for wetlands, but can be limited by impermeable geological substrate and the accumulation of sediments. In order to rebuild the hydrological connectivity between wetlands and a river channel, a set of engineering treatments can be applied (Obolewski et al. 2009 ). As a result, a mosaic of aquatic and land ecosystems can be created which increases the biodiversity (Marshall et al. 2006) .
High variability of habitats in a river basin is followed by an increase in biological diversity, which can be used to assess hydrological models in space and time (e.g. Gibbins et al. 2001 , Sheldon et al. 2002 , Gallardo et al. 2008 . Among freshwater organisms, invertebrates are a convenient research object because their life cycles are short while the adaptation to environmental conditions is high (for instance through body shape, resistance, dispersion) (Gasith, Resh 1999) . In particular, the invertebrates that inhabit submerged substrates are an interesting group of hydrobionts, which can indicate the quality of an environment (Hill et al. 2000) . The qualitative and quantitative structure of plant-associated invertebrates reflects the trophic status of aquatic ecosystems; therefore, those organisms are used in environmental monitoring (e.g. Baffico 2001 ). Moreover, some groups of invertebrates periodically reach their maximum abundance and diversity along spatial and environmental gradients (e.g., Heino 2000 , Obolewski 2011 ).
This study shows the relationships between physical, chemical and biological properties of wetlands of varying connectivity with the Słupia River (northern Poland). Study areas were selected under the assumption that the level of contact between the riverine (lotic) waters and oxbow lakes influences the quality and quantity of plant-associated invertebrates.
MATERIALS AND METHODS

Study Area
The study area was located in the middle reaches of the Słupia River (northern Poland), with numerous oxbow lakes (Figure 1 ). Słupia is one of the largest water-courses of the east European platform in Poland (Baltic basin), which flows into the Baltic Sea (catchment area 1620 km 2 , length 138.6 km, average annual flow 15.5 m 3 s -1 , floods with a flow higher than >22 m 3 s -1 usually between October and March) (Obolewski 2011) . Most wetlands are used for agriculture and constitute 5.6% of the total studied area. At the beginning of the last century, a set of river regulation works was undertaken, which consisted of cutting off the river meanders. As a result, almost 50 oxbow lakes were created (Obolewski et al. 2009 ). The aim of those works was to drain the wetlands and turn them into agricultural use. A similar situation was observed at the end of the 19 th and at the beginning of the 20 th century in most of the river basins of Europe.
Five oxbow lakes and the main river channel of the Słupia River were studied (RS, Figure 1 ). All the selected wetlands were artificially created. Two of them were close to the city of Słupsk (OLS 4 and OLS 5), while the remaining three oxbow lakes were located 15 km upstream, beneath the outlet of the Kwacza River into the Słupia River. OLS 7 oxbow lake was connected with the river channel by one arm. OLS 3 was connected via two arms: one arm was in contact with Słupia and the other one with Kwacza. OLS 6 was a totally isolated reservoir, while OLS 4 was connected with the river channel by two pipes (inlet and outlet ones). OLS 5 was dredged and connected with the river by a system of drainage ditches comprising ca. 1000 m. The study area was characterized by a wide range of types of hydrological connectivity between the river and wetlands, starting from oxbow lakes with a permanent contact with river waters (OLS 3 and OLS 4), through reservoirs with limited contact (OLS 5 and OLS 7) and supplied only with ground water, but without direct hydrological connectivity with the river (OLS 6).
Communities of helophytes in the studied wetlands were dominated by the common reed, P. australis, which constituted a convenient habitat for the development of epiphytic invertebrates (Piesik, Obolewski 2004) . In OLS 3 this species occurred in the form of four patches spread across the reservoir. In OLS 4 and OLS 5 reed beds were limited to the oxbow arms. OLS 2 and OLS 6 were rich with reed beds. In the Słupia River, reed beds occurred in siltcovered lands between the studied oxbow lakes.
Sampling regime
Samples of water and invertebrates were collected from various sites within the six ecosystems every three months in 2009. In the five oxbow lakes, the sampling stations were located in the central part of reed area regardless of the total area of the studied reservoirs. One sampling station was located in the Słupia River, in the Area of Outstanding Natural Beauty "Dolina Słupi". High river water stages occurred between the 13 th and 26 th of February 2009 (39.8 m 3 s -1 , Figure 2A ), which raised the water levels in the oxbow lakes, so as they were totally flooded by river water. With the exception of that event, river flow in 2009 was similar to long term conditions (the average monthly flow = 17 m 3 s -1 , the average monthly flow between 2004 and 2009 at the gauge in Słupsk = 15.8 m 3 s -1 , Figure 2A ). Flood phenomena occur with the water level >14.51 m a.s.l., which constitute over 20% of the year ( Figure 2B ). The engineering works applied in order to connect the oxbow lakes with the Słupia River channel contributed to hydrological connectivity of the wetlands and enabled the assessment of the biological response to such treatments.
Dissolved oxygen (DO), water temperature, conductivity (EC), total dissolved substances (TDS), chlorides, nitrate, nitrite and ammonium nitrogen concentrations, as well as pH were analyzed in situ with the use of calibrated multiprobe YSI 6600 (YSI Environmental, USA). Simultaneously, water samples of 2 l volume were taken from 20 cm depth. Within 24 hours the samples were filtered using pre-weighed glass fibre Whatman® GF/F (incubation in 450°C for 4 h) in order to assess the dry mass of suspended particles (APHA 1989) . Additionally, ion chromatography analyses were performed to determine the concentrations of soluble anions and cations (Cl -, SO4 2-, P-PO4 3-, K + , Ca 2+ , Mg 2+ , Na + ). Total reactive phosphorus concentration was determined using the FLOWSYS-SYSTEA® analyzer (APHA 1989) .
Biological material was sampled by direct collection of reed from the substrate or together with the substrate. Three current-year shoots of P. australis were sampled from each site. Three sections were removed from each shoot, producing a total of 9 sections from one sampling site. A section of 7 -5 cm was cut out from the upper (15 cm below the water table), middle and above-deposit part of every reed shoot.
The collected substrate samples were fixed locally in 8% formalin. The length, width and surface area of substrate samples were measured in the laboratory. Plant-associated invertebrates were scrubbed off with a brush, rinsed through a plankton net (mesh size of 60 μm) and placed in a graduated cylinder with the capacity of 25 -100 ml, subject to the density of the analyzed material. The substrate was mixed thoroughly in the cylinder; three sub-samples of 1 ml each were collected with a pipette and placed in a plankton chamber. Samples were examined under a microscope, and the collected material was subjected to quantitative and qualitative analyses.
The total abundance of microscopic (given the size definition) plant-associated invertebrates was determined by counting their numbers in the entire chamber with a linear division at 5× magnification. The procedure was repeated three times, individual results were summed up and used to calculate the density of microfauna over 1 m 2 of the substrate area. Larger organisms (macrofauna), such as Chironomidae larvae, were picked from the sample, identified and counted. Their density per m 2 substrate area was determined using the formula:
where: Dp -epiphytic invertebrate density (individuals per m 2 ); Vc -cylinder volume (cm 3 ); A -epiphytic invertebrate counts in chambers (individuals); Ss -area of the substrate (m 2 ); n -the number of sub-samples each of 1 cm 3 .
To follow further analyses, the representatives of plant-associated invertebrates have been divided according to their taxonomic groups. The group of Protozoa consisted of representatives of Peritricha, Ciliata-libera, Testacea and Suctoria. The Oligochaeta were composed of predators of the Chaetogaster type, and herbivores of Stylaria and Nais taxa. The Cladocera group consisted of representatives of Chydrous and Daphnia taxa, Copepoda consisted of the representatives of Cyclopoida, Harpacticoida and their nauplii. The group of Odonata was composed of Aeshnidae and Libellulidae taxa, while the group of Gastropoda − of Planorbidae, Lymnaeidae and Ancylidae taxa. In total, 39 genera were classified into 14 taxonomical groups.
In order to assess the invertebrate communities, the following indices were used: Shannon diversity index (H'), species evenness (J'), dominance index, taxonomic richness and total abundance (Kasprzak, Nedbała 1981) . The diversity index, species evenness and taxonomic richness were calculated using EcoSim version 7.72 software (Gotelli, Entsminger 2004) .
In detailed analyses of plant-associated invertebrates, the division into their functional trophic groups have been performed. Five groups were established: collector gatherers (Peritricha, Ciliata-libera and Rotifera), collector filterers (Cladocera), shredders (Testacea, Isopoda -Asellus aquaticus and Chironomidae larvae), predators (Suctoria, Chaetogaster sp., Hydrachnellae, Odonata and Hirudinea) and others, including groups consisted of organisms with various strategies for obtaining food (i.e. Nematoda, Harpacticoida).
H ydrological classification
In order to characterize the hydrological integrity, we took into consideration a number of factors. The river regulation and limitation of water stage fluctuations negatively influenced all the studied objects, particularly those located further from Słupia, which were connected with river waters only during high river water levels. As a result, connections were rarely achieved, with cut off periods extending from 1 to 4 years. A river with adjacent wetlands should be hydrologically active, but that activity changed due to regulation. Restoration consists mainly of re-connecting the wetlands with the river system through engineering works (total or partial re-opening). Hydrological connectivity of a river floodplain protects wetlands against natural succession.
In order to assess the influence of epiphytic invertebrate communities on hydrological connectivity, we specified five wetland types (1-5) according to the degree of connection with the river (Table 1) . Therefore, the hydrological connectivity was not regarded as a continuous variable but rather as a nominal one. Table 1 Lateral hydrological connectivity definitions for oxbow lakes in the Middle Słupia River. Types correspond to hydroconnectivity categories. The depth is at the deepest part of the wetlands in summer. The age is the time since the cutoff of oxbow lakes, or construction, depending on the origin. The area was measured using summer aerial photographs. 
Statistical analyses
To reduce the effect of absolute values, invertebrate densities were square-root transformed ( √ + 1 ), rare species were downweighted and environmental data were log-transformed (log10 (X+l)) (Ter Braak, Šmilauer 2002) . To assess the differences between wetlands, invertebrate data (grouped into classes/orders) and hydrochemical data were subjected to nonparametric analysis of variance (Kruskal-Wallis and Dunns tests, p < 0.05). To further identify the patterns in the abundance of the fourteen invertebrate groups, we used direct ordination methods, such as Correspondence Analysis (CA) (Ter Braak, Šmilauer 2002) .
To identify the primary environmental gradients affecting the plant-associated invertebrate assemblages, we used Redundancy Analysis (RDA; Ter Braak, Šmilauer 2002) between 18 environmental variables and 14 groups of invertebrates. Hydrological connectivity was introduced as four dummy variables (Type 1 -5) along with the rest of physical and chemical variables. Because environmental gradients had not previously been evaluated in the study area, we ran a manual, forward selection CANOCO procedure, which included variables that had a conditional effect significant at the 5% level (p < 0.05). In addition, the inflation factor of selected variables was checked to be less than 10, ensuring the minimum redundancy among the retained variables. P-values were calculated using the Monte Carlo Permutation Test (Ter Braak, Šmilauer 2002) . Once the main environmental gradients affecting the aquatic community structure were identified, the model was subjected to variance partitioning in order to quantify the amount of variance uniquely accounted for by each set of variables in the model (physicochemical, trophic and hydrological), the shared variance among them and the variance that remained unexplained.
Linear regression analysis was used to test the relationship between the invertebrate community (measured by abundance and diversity) and key environmental variables. Nonparametric analysis of variance (Kruskal Wallis and Dunns tests, p < 0.05) was used to identify differences in richness and abundance among sites. The regression models were run using the statistical software R (version 2.5.1; R Development Core Team, 2007; "mgcv" package).
RESULTS
Environmental conditions
Mean annual values for the measured physical and chemical parameters, as well as significant differences between the studied objects are presented in Table 2 . The wetlands differed between each other mostly in the concentration of inorganic ions (T-P, P-PO4 3-, SO4 2-, Cl -, Ca 2+ and COD). The Słupia River was the main way of transportation for pollutants. The river water was characterized by a higher level of TDS (similarly to OLS 3), higher content of P-PO4 3-and N-NO3 (similarly to OLS 6 and OLS 7) comparing to wetlands. In general, the amounts of nitrogen compounds and magnesium were higher in OLS 6. Table 2 Water quality of oxbow lakes and the Słupia River for monthly samples in 2009. TDS = Total Dissolved Substance, COD= Chemical Oxygen Demand, DO = Dissolved Oxygen, EC = Electrical Conductivity. The frequency of hydrological contact between that oxbow lake and the river was relatively low, which favors intensive succession processes connected with the accumulation of nutrients. OLS 5 differed the most from the other oxbow lakes in the content of both organic and inorganic substances.
Patterns of macroinvertebrate abundance
The obtained differences in the annual abundance and structure of plant-associated invertebrates between the sites of different hydrological connectivity are shown in Table 3 . We identified 1 438 plant-associated invertebrates from 39 genera (14 taxonomic groups). Peritricha and Rotifera were the most abundant invertebrates (ca. 38 -46% each phylum).
The studied wetlands differed in the variety and abundance of collector gatherers, the group of "others", considered in terms of feeding in Figure  3A . The contribution of collector gatherers ranged from 10% in OLS 4 to 91% in OLS 7, while the other groups − from 6% in OLS 7 to 87% in OLS 4. Among other functional trophic groups, a significant share belongs to the collector filterers in OLS 5 (30%) and OLS 4 (7%). In all of the studied ecosystems, neither shredders (max. 2% in RS) nor predators (max. 3%. in OLS 3 and RS) achieved significant levels.
Communities of plant-associated invertebrates in the Słupia River (RS) were predominated by collector gatherers (mainly Rotifera), but Nematoda ("others") were also abundant. In OLS 7, plant-associated invertebrate diversity was higher and collector gatherers dominated (Rotifera). However, collector filterers also appeared despite the fact that (Cladocera) plant-associated invertebrate density in that oxbow lake was significantly higher than in the other wetlands (Fig. 3B) . OLS 6 was dominated by collector gatherers (Peritricha), collector filterers (Cladocera), as well as taxa from other feeding guilds (Nematoda). Collector gatherers (mainly Peritricha) also dominated in OLS 3, the oxbow lake with a constant hydrological connection with the river. They were accompanied by "others" (Nematoda). Communities were different in OLS 4, the oxbow lake connected to the river by PVC pipes. Communities were dominated by "others" Nematoda and Copepoda (mainly Harpacticoida). Communities in the wetland supplied with river water through the ditches were dominated by collector gatherers, mainly Rotifera and Peritricha. Primary gradients affecting aquatic community structure RDA analysis revealed differences in plantassociated invertebrate community composition between the studied wetlands. RDA related plantassociated invertebrate assemblage composition to the oxbow lake, which accounted for 55% of plantassociated invertebrate variability. The first RDA axis explained 33% of the total variance while the second one − 22% (Fig. 4) . The analysis of significant invertebrate data and sample scores (Fig. 4B) showed that invertebrate community composition was similar in all wetlands, even when environmental conditions (concentration of organic and inorganic compounds) and hydrological connectivity to the river were different (Fig. 4A) .
The stagnant water of the isolated oxbow lake (OLS 6) is preferred by Tardigrada only. The most favored by plant-associated invertebrates are semilotic environments (OLS 7). This was observed for the following taxa: Protozoa, Rotifera, Gastropoda, Isopoda, Odonata, Chironomidae larvae and Copepoda. A type of connection maintained between the oxbow lake and the river channel showed various preferences of plant-associated invertebrates. The oxbow lakes connected with the parent river channel via the pipes (OLS 4) were preferred by Nematoda, while Ceratopogonidae and Hydrachnella favored reclamation ditches. The dredge canals (OLS 3) did not influence any characteristic taxa of plantassociated invertebrates (Fig. 4B) that occurred in the oxbow lake.
The analysis of variance inflation factors (VIF) was applied to 18 environmental variables to select 12 parameters that influenced the invertebrates the most, in order to avoid redundancy of the data set ( Table 2 ). The final model accounted for 65% of the total variance and all the canonical axes were significant (Monte Carlo test, p = 0.002). Variance partitioning revealed that hydrological parameters accounted for 28% of the invertebrate variability. Whereas physical factors and the concentration of HCO3 -, K + , Cl -, SO4 2-and Mg 2+ accounted for 10% of the total variance; for nutrients (N-NO3 -, N-NO2 -, N-NH4 + , P-PO4 3-) it was 21%. The shared variance for those three sets of variables amounted to 15%, while 31% of variance remained unexplained. The axes 1 and 2 did not show any clear differences between oxbow lakes in spite of differences in the duration of hydrological connection (36 days for OLS 6, 365 days for the other oxbow lakes). However, OLS 5 was distinguished from other wetlands in terms of COD, N-NO3 -, pH, N-NO2 -, Ca 2+ and EC. We observed very low concentrations of organic nitrogen in OLS 5, presumably due to nitrification processes in the benthic zone. Hydrachnella, Isopoda and Ceratopogonidae clearly discriminated oxbow lakes from the river.
Kruskal-Wallis tests and linear regression analysis showed that an increase in hydrological connection was accompanied by an increase in invertebrate diversity, evenness and the number of taxa (Fig. 5) . Plant-associated invertebrate density responded unimodally to the extent of hydrological connectivity (Fig. 5A) . The density was negatively correlated with the concentration of calcium (r = -0.60, p = 0.05, Fig.  5B ). Whereas the content of magnesium ions was connected with invertebrate diversity, evenness and species richness (Fig. 5D, F and H) . The highest correlation was between Mg 2+ concentration and plant-associated invertebrate richness (r = 0.61, p = 0.05) (Fig. 5H) .
DISCUSSION
The main river channel, with low inflow of pollutants and riverbanks overgrown with macrophytes, can be colonized by various aquatic invertebrates (Galardo et al. 2008 , Obolewski 2011 . On the other hand, relatively long periods of stability in oxbow lakes are preferred by taxa with longer life cycles and more resistant to poor environmental conditions, for example Peritricha or Rotifera (Piesik, Obolewski 2004 ). Whereas, insects, which have short life cycles (e.g. chironomids) are particularly abundant in cut off oxbow lakes and colonize them from the air taking advantage of the lack of predatory fish (Mallory et al. 1994) . Negative influence of floods and their pulsating occurrence in wetlands have been noticed by many scientists (e.g. Gibbins et al. 2001 , Sheldon et al. 2002 . Particularly important are extreme, rare occurrences, which greatly influence the research results (Jentsch et al. 2007 ). Contemporary studies have identified several factors that determine changes in wetlands. Those are: hydrological connectivity of the whole wetland area, the presence of natural or artificial barriers for the river water flow, morphology of wetlands, bedrock geology and the accumulation of sediments. However, hydrological connection with a river seems to be the most important factor influencing the composition of invertebrates (i.e. Clausen, Biggs 1997; Sandin 2003; Gallardo et al. 2008; Gallardo 2009; Marshall et al. 2006) .
The main achievement of that study (Van der Brink et al. 1996 , Heino 2000 was the elaboration of hydrological typology that can partly explain epiphytic invertebrate variance. In many studies, variation in the plant-associated invertebrate community has been explained by environmental factors, like amount and quality of food or temperature. However, the relationships are also connected with hydrological connectivity. For instance, the river water is colder and contains higher concentrations of nutrients, which influence the wetlands on the surface but also through ground waters. Intercorrelations between environmental factors are the cause of that phenomenon (Brönmark 1989; Baffico 2001; Gibbins et al. 2001; Legendre, Troussellier 1988) . This study showed that the presence of parameters potentially connected with hydrological connectivity decreased its importance in the analyses (Peres-Neto et al. 2006) .
The analyzed environmental factors and invertebrate communities did not significantly differ (p = 0.05) between wetlands of various hydrological types (Fig. 5) . Diversity and density slightly increased with hydrological connection, while the density of invertebrates showed a unimodal response. In an investigation performed on the Ebro River (Spain), which concerned benthic invertebrates, a different situation was observed: species richness and abundance increased with hydrological connection, while the diversity showed a unimodal response (Gallardo et al. 2008) . In turn, the study of macrozoobenthos in the Słupia oxbow lakes (Obolewski 2011) indicated the relationships similar to those observed for epiphytic fauna. It seems that the qualitative and quantitative structure of invertebrates is determined by local environmental conditions. Other studies indicated an increase in invertebrate richness with hydrological connectivity (Ward 1998; Ward et al. 2002; Amoros, Bornette 2002; Obolewski 2011) . It reached the maximum for semi-open oxbow lakes since the hydrological contact improved and changed the habitat conditions (Glińska-Lewczuk 2009). In oxbow lakes of limited hydrological connectivity (a semi-lotic type of oxbow lakes), the highest biodiversity was observed in the case of benthic invertebrates (Tockner et al. 1999b ). In the present study, the highest abundance of invertebrates was observed in the oxbow lake connected with the river via one arm (OLS 7). The active exchange of water in wetlands naturally connected with the river via 2 arms or artificially connected via pipes or canals, made the diversity of hydrobionts significantly higher. Recent studies have proved that environmental and hydrological parameters directly and indirectly influence hydrobiont communities (Tockner et al. 1999a) . Nutrients on flooded wetlands may come from a few natural and artificial sources, both external and internal. The highest amounts of nutrients are observed during the lack of hydrological connection, as well as during intensive floods (Tockner et al. 1999a) . Long periods between floods accelerate sediment deposition and eutrophication of wetlands. Additionally, anthropogenic factors (agriculture, urbanization) increase the wetland fertility.
The development of most aquatic animal communities is determined by the presence of predators (Dermott 1988) , phytoplankton biomass, type of substrate (Rasmussen 1988) , detritus mass (Drake 1984 ) but also water temperature (Kajak 1988) , pH, nutrients (Gallardo et al. 2008 , Obolewski 2011 . In the case of less sensitive taxa, their presence is not limited by those factors. They occur both in highly eutrophic and oligotrophic ecosystems (Cataneo 1987) . It seems that the most important for epiphytic animals is the presence of rough substrate, like submerged shoots (Wissmar 1991) . This type of substrate can be related to the precipitation of calcium and magnesium ions from water, which deposit on various submerged substrates, including reed shoots. In this study, calcium and magnesium ion concentrations have been found as those correlated with invertebrate abundance and diversity (Fig. 5) . It was illustrated by a linear model. Natural waters in the temperate climate zone are generally of the HCO3-Ca type, sometimes the HCO3-Ca-Mg type (Macioszczyk 1987) , what explains predomination of Ca 2+ and Mg 2+ ions in aquatic environments. Moreover, the ratio Ca:Mg determines many biological processes. The studied wetlands were characterized by Ca:Mg ratio at the level of 22:3. In OLS 7 oxbow lake, which was highly overgrown, a white coating on submerged reed shoots was observed, which increased the roughness of the surface and favored the periphyton development (Taniguchi et al. 2003) . The concentration of calcium ions may also influence the presence of some aquatic fauna representatives, for example Gastropoda, which also constitute a component of these communities. Many studies have shown relationships between gastropods occurrence and periphyton abundance (Brönmark 1989; Mundy, Hann 1997; McCollum et al. 1998 ). Gastropods leave mucus there which favors the formation of biofilm. This study confirmed that hypothesis, particularly in OLS 7, where the presence of gastropods was accompanied by high density of periphyton (r = 0.75, p = 0.05). Other factors that could explain that phenomenon are morphometry (Heino 2000) , trophic interactions (Brönmark 1989 ) and pollution (Woodcock, Huryn 2007) .
In order to reduce the negative environmental changes, which result from the fact that the floodplain lake becomes overgrown with vegetation and from the lack of river water inflow, two of the studied oxbow lakes were connected with the Słupia River. The increased outwashing of bottom sediments reduced the concentration of salts and further caused the reorganization of aquatic plant communities. New habitats developed owing to engineering treatments (partial or total re-opening, dredging) favored the development of aquatic invertebrates. It was particularly observed in the oxbow lake opened with the help of PVC pipes, where community structure differed from other wetlands. The duration of hydrological connection is also an important factor. OLS 3 oxbow lake was connected with the river via both arms for a year but still has not regained ecological condition. Each interference in hydrology of a river basin causes significant changes not only in plant-associated invertebrate community structure but also in the abundance and composition of other hydrobionts groups (Obolewski et al. 2009 ).
CONCLUSIONS
The presented results, due to the complex relations between the structure of plant-associated invertebrates and types of hydrological connectivity of the studied wetland ecosystems (lotic, semi-lotic and lentic), should be considered as a preliminary study for further research in various morphometric, hydrochemical and climate conditions. The obtained results entitled the author to formulate the following conclusions:
1. The oxbow lakes are important habitats for a significant group of plant-associated invertebrate communities. Their quantitative and qualitative structure is driven, to a great extent, by the hydrological connectivity between an oxbow lake and the parent river channel. The presence of individual taxa is related both to the environmental conditions and to a type of hydrotechnical solutions performed to connect the habitats with the river. 2. In the studied relations between the river and an oxbow lake, in terms of abundance and taxonomic diversity of plant-associated invertebrates, it has been found that the substrate roughness, caused by the settled particles of calcium and magnesium, is important. 3. Certain changes in the composition of associated invertebrate communities were observed along with the increased hydrological connectivity between an oxbow lake and the river. Limited water exchange between an oxbow lake and the river channel created difficult life conditions for the majority of hydrobionts (limited water aeration, low light penetration down the water column). Tardigrada are among the taxa adapted to such habitats. Semi-lotic and lotic oxbow lakes are inhabited by more demanding, as for the conditions of the biotope, groups of hydrobionts: Gastropoda, Isopoda, Odonata and Chironomidae larvae. 4. The water movement in oxbow lakes, induced by the connectivity with the river channel, increased the diversity of trophic structures of plant-associated invertebrate communities. It was found that collector filterers play an important role in the conditions of stagnant water. In the conditions of periodic or low water movement, collectors/gatherers dominated. In relation to the variable intensity of water exchange in an oxbow lake, collectors/gatherers or others groups dominated, represented mainly by Nematoda species. 5. It turned out that a lotic oxbow lake, with both arms dredged, is the most similar to the river channel habitat, in terms of the composition and abundance of trophic groups. According to the obtained results, the semi-lotic habitats created optimal conditions for the plantassociated invertebrates in terms of abundance. However, lotic habitats supported the biodiversity.
